In the past 20 years, there has been a lot of progress in understanding the molecular genetics of plant-microbe symbiosis. In addition to studying the economically important soybean, two model plants and their corresponding bacterial symbionts, i.e. Lotus japonicus with Mesorhizobium loti, and Medicago truncatula with Sinorhizobium meliloti, are widely used. In both models, the early stages are similar: in the vicinity of plant roots, the rhizobacteria produce signal compounds, so-called Nod factors, and when the roots perceive these signals, they form an infection thread and induce cell divisions to form nodule primordia: the bacteria then enter the primordia, differentiate into bacteroids and establish nitrogen fixation. Most research efforts have focused on the early stages of infection and the subsequent signaling pathways (reviewed in Oldroyd, 2013) .
Why do researchers bother to use two model organisms to study symbiosis? In Medicago, the nodules are indeterminate, with a persistent meristem, and an important component of final differentiation into bacteroids is mediated by so-called NCR (nodule-specific cysteine-rich) peptides (reviewed in Maroti et al., 2015) . In Lotus (and in soybean), the nodules are determinate, in that meristematic activity is limited to the early stages. In determinate nodules, bacteroids can revert to a free-living state, but the mechanisms and host genes involved in bacteroid differentiation are largely unknown -as Lotus and soybean do not have NCR genes in their genomes. Rhizobia don't fix nitrogen when they are free-living in the soil, but only in nodules -meaning that nitrogen fixation must be strictly regulated by the host legumes. The so-called Fix -mutants form apparently normal nodules that contain intracellular bacteria, but nonetheless have defects in nitrogen fixation. Identifying the underlying genes that are disrupted in Fix -mutants thus provides a way to understand the mechanisms that control nitrogen fixation activity. Numerous Fix -genes have been characterized, in both
Lotus and Medicago, encoding metabolic enzymes (e.g. Hakoyama et al., 2009) , transporters (e.g. Hakoyama et al., 2012) , and, in Medicago, the NCR peptides (Maroti et al., 2015) . Figure 1, the apn1 mutant does not form effective nodules with the TONO strain of M. loti, but is able to form effective nodules with the MAFF303099 strain of M. loti. The TONO and MAFF303099 strains have sequenced genomes and are frequently used in the Lotus research community in Japan. It was only by chance that the strain specificity for the Fix -phenotype of apn1 was discovered. In their lab, they typically used TONO for inoculation, but to confirm complementation of apn1 by the APN1 gene, they used a DsRED-labelled MAFF303099, since it was convenient to have the DsRED marker. To their surprise they found that MAFF303099 formed effective nodules on apn1. After a broader survey, they found that this ability of MAFF303099 was not unique -four other strains also formed effective nodules on apn1, while three other strains. like TONO, formed ineffective nodules. The discovery of rhizobial strain dependence for nitrogen fixation is important, because it highlights that strain-dependent fine tuning of the host cell-symbiont interactions are essential even at late stages of nodule development, i.e. at the nitrogen fixation level. Yamaya-Ito et al. (2018) speculate that APN1 might be required to proteolytically degrade (still unidentified) effectors from strains such as TONO. In this scenario, these effectors would not be degraded in apn1 plants, and their continued presence would then stimulate plant immunity responses, and so symbiosis could not be sustained. To address this hypothesis, they are using a tagged mutant library prepared from TONO and screening for mutants that can form effective nodules on apn1 plants. They further speculate that strains such as MAFF303099 might not encode such factors at all, or might express them less than in TONO. Genome alignments and expression analyses of the various M. loti strains that can or cannot form effective nodules on apn1 will further help in testing their hypotheses. Lastly, unlike the NCR genes, there are APN1 homologs in Medicago and other legumes -so understanding the role of APN1 might generally help in understanding how nitrogen-fixing symbioses are established.
